The transcription factor Hif-1α regulates epithelial to mesenchymal transition and neural crest cell chemotaxis in Xenopus. Hif-1α is only stabilised under low oxygen levels, and the in vivo stabilisation of this factor in neural crest cells is poorly understood. Multiple oxygen-independent Hif-1α regulators have been described in cell cultures and cancer models. Among these, the PDGF pathway has been linked to neural crest development. The present study established a connection between the Pdgf pathway and Hif-1α stabilisation in zebrafish. Specifically, embryos with a disrupted Pdgf pathway were rescued by employing hif-1α mRNA through qPCR and immunohistochemistry techniques. The data suggest that oxygen levels in the neural crest are normal and that Pdgf1aa regulates neural crest migration through Hif-1α expression.
A B S T R A C T
The transcription factor Hif-1α regulates epithelial to mesenchymal transition and neural crest cell chemotaxis in Xenopus. Hif-1α is only stabilised under low oxygen levels, and the in vivo stabilisation of this factor in neural crest cells is poorly understood. Multiple oxygen-independent Hif-1α regulators have been described in cell cultures and cancer models. Among these, the PDGF pathway has been linked to neural crest development. The present study established a connection between the Pdgf pathway and Hif-1α stabilisation in zebrafish. Specifically, embryos with a disrupted Pdgf pathway were rescued by employing hif-1α mRNA through qPCR and immunohistochemistry techniques. The data suggest that oxygen levels in the neural crest are normal and that Pdgf1aa regulates neural crest migration through Hif-1α expression.
The hypoxia-inducible factor 1 (HIF-1) is the master regulator of the cellular response to reduced oxygen levels (i.e., hypoxia). HIF-1 is a heterodimer of two subunits, α and β, both of which are constitutively expressed (Wang et al., 1995) . Under normal oxygen tension (i.e., normoxia), HIF-1α is prolyl-hydroxylated by specific prolyl-hydroxylases that require oxygen as a cofactor (Epstein et al., 2001; Jaakkola et al., 2001) . Hydroxylated HIF-1α binds to the von Hippel-Lindau tumour-suppressor protein. In this interaction, HIF-α is ubiquitylated and targeted to the proteasome, where it is degraded (Ivan et al., 2001; Maxwell et al., 1999) .
Catalysed HIF-1α hydroxylation cannot occur under hypoxic conditions, meaning that HIF-1α is instead stabilised. Stabilised HIF-1α translocates to the nucleus where dimerization with HIF-1β leads to the formation of active HIF-1. In turn, HIF-1 binds to hypoxia-response elements (Jiang et al., 1996) , thus activating the expression of numerous hypoxia-responsive genes. In cell cultures, these genes have been linked to the anabolic switch in central metabolism, tumour angiogenesis, vasculogenesis, epithelial to mesenchymal transition, invasiveness, and metastasis (Semenza, 2004) . HIF1-α stabilisation in cancer cells proposedly is one of the most important mechanisms promoting metastasis and tumour aggressiveness (Maxwell et al., 2001) .
In neural crest cells (NCCs), Hif-1α plays a dual role in vivo. First, Hif-1α regulates the transcription factor twist, an e-cadherin repressor, thereby controlling epithelial to mesenchymal transition. Second, Hif-1α controls chemotaxis by regulating the chemokine receptor cxcr4 (Barriga et al., 2013) . Despite the clear importance of Hif-1α in NCCs, the underlying trigger for the in vivo stabilisation of this factor in NCCs remains unclear. However, two observations might hold the clue. First, NCCs lie underneath an epidermal cell layer (Huang and Saint-Jeannet, 2004) , and, second, NCC explants behave normally despite maximum oxygen exposure (Barriga et al., 2013) , suggesting that Hif-1α is activated by an oxygen-independent mechanism. Under normoxic conditions, HIF-1α can also be induced by a variety of growth factors and cytokines, including EGF, IGF-1, IGF-2, insulin, heregulin, interleukin-1β, follicle-stimulating hormone, androgens, HGF, TNF-α, angiotensin II, PGDF, TGF-β, and thrombin (Bardos and Ashcroft, 2005) . Of these, the PDGF pathway is the most prominent HIF-1α activator linked to neural crest development (Hoch and Soriano, 2003) .
In mice and zebrafish, disruptions in PDGFRα signalling cause severe defects in cranial NCC-derived tissues (Eberhart et al., 2008; Soriano, 1997) , and PDGF-A may work as a chemoattractant for NCCs (Eberhart et al., 2008) . In Xenopus, the PDGF pathway controls NCCs migration by preventing the contact inhibition of locomotion and by acting as a chemoattractant for migratory NCCs (Bahm et al., 2017) . Given the similarities between Pdgf pathway-disruption and Hif-1α loss-of-function in the neural crest of zebrafish, and given that PDGF is a well-known oxygen-independent Hif-1α activator, the aim of the present study was to determine the possible connection between the PDGF pathway and HIF-1α. In cranial NCCs of zebrafish, hif-1α RNA was able to rescue pdgf1aa-disruption phenotypes. This result suggests that the PDGF pathway can regulate Hif-1α expression, which is relevant data for understanding how Hif-1α promotes changes during development, even in the presence of oxygen.
Hif-1α can be stabilised by both oxygen-dependent and oxygen- 
